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(05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2UWKRSDHGLFVDQGWKH'HSDUWPHQWRI6\VWHPVDQG,QGXVWULDO(QJLQHHULQJDWWKH8QLYHUVLW\RI$UL]RQDSURYLGHVDUHDOOLIHVHWWLQJ
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,QWURGXFWLRQ
+HDOWKFDUHSDWLHQWRXWFRPHVDQGKHDOWKFDUHFRVWVDUHDSURPLQHQWVRFLHWDOLVVXHIRUWKH861XPHURXVDXWKRUV
KDYHGRFXPHQWHGWKHH[WHQWWRZKLFKPDMRUIDFWRUVDUHNH\GULYHUVLQWKHUHSRUWHG86KHDOWKFDUHH[SHQGLWXUHDWWKH
OHYHOVRIRIRXU*URVV'RPHVWLF3URGXFW 7KLVLVLQFUHDVLQJO\VLJQLILFDQWZKHQ86KHDOWKFDUHH[SHQGLWXUHV
DUHUHSRUWHGWREHKLJKHUWKDQRWKHUFRPSDUDEOHQDWLRQVEXWZLWKRXWWKHVDPHTXDOLW\OHYHOLQKHDOWKRXWFRPHV7KH
DGYDQFHPHQW RI KHDOWK LQIRUPDWLFV LV LGHQWLILHG E\ WKH 1DWLRQDO $FDGHP\ RI (QJLQHHULQJ DV RQH RI WKH JUDQG
HQJLQHHULQJFKDOOHQJHV,QWKHSDVVDJHRIWKH$IIRUGDEOH$PHULFDQ5HFRYHU\DQG5HLQYHVWPHQW$FW$55$
VLJQDOHGGHOLEHUDWHIRFXVRQWKHXVHRIWHFKQRORJ\WRKHOSLPSURYHWKHKHDOWKFDUHGHOLYHU\V\VWHPIRUH[DPSOHE\
UHGXFLQJSUHVFULSWLRQHUURUVUHGXFLQJWKHF\FOHWLPHRIDGPLQLVWUDWLYHSURFHVVHVVXFKDVELOOLQJRUVFKHGXOLQJDQG
HOLPLQDWLQJRUUHGXFLQJGXSOLFDWHGDWDFROOHFWLRQ

7KH UHVHDUFKZRUNSUHVHQWHG LQ WKHSDSHUGHVFULEHVKRZZHXVH DPXOWLSKDVH V\VWHPVDSSURDFK WRGHYHORS D
GHOLEHUDWHFRQQHFWLRQEHWZHHQWKHFRQWH[WVGHVFULEHGDERYHDQGVSHFLILFV\VWHPVHQJLQHHULQJWRROVXVHGWRLPSURYH
DVSHFLILFSRUWLRQRIWKHKHDOWKFDUHGHOLYHU\V\VWHP)RUH[DPSOHZHSURSRVHWRHYDOXDWHDQGSURYLGHDQDO\VLVXVLQJ
YDULRXVV\VWHPVHQJLQHHULQJWRROVLQWKHSURGXFWGHYHORSPHQWOLIHF\FOH$GGLWLRQDOO\RXULQWHQWLVWRGHPRQVWUDWH
WKHEHQHILWVRIV\VWHPVHQJLQHHULQJPHWKRGVLQWKHLPSOHPHQWDWLRQRIV\VWHPVWKDWXWLOL]HSHRSOHDQGWHFKQRORJ\LQ
FRPSOH[ SURFHVVHV 7KLV LV WXUQ ZLOO DOORZ WKH SURMHFW WR VHUYH DV ODXQFKLQJ SRLQW IRU WKH QH[W SKDVHV LQ WKLV
FROODERUDWLYH UHVHDUFK7R SURYLGH D VSHFLILF H[DPSOHZH GHVFULEH WKH XVH RI WLPHPRWLRQ VWXG\PHWKRGRORJ\ WR
DVVHVVSK\VLFLDQZRUNIORZ,QWKLVPDQQHUZHFDQFROOHFWGDWDDQDO\]HDQGGUDZLQIHUHQFHVWKDWFDQEHDVVHVVHGE\
VXEMHFW PDWWHU H[SHUWV IRU HIIHFWLYHQHVV 2XU REMHFWLYH LV WKDW WKLV ZRUN GRQH LQ D FROODERUDWLYH PDQQHU
GHPRQVWUDWHVV\VWHPVHQJLQHHULQJGULYHQDSSOLFDWLRQ LQ WKH LPSURYHPHQWRIDQRUWKRSDHGLFRIILFHVHWWLQJ WKDWFDQ
WKHQEHJHQHUDOL]HGWRDEURDGHUFRQWH[W

7KH OHDUQLQJ WKDW FDQ HOLFLWHG E\ VXFFHVVIXOO\ DSSO\LQJ V\VWHPV HQJLQHHULQJ PHWKRGV RU SURFHVVHV LQ WKH
LPSURYHPHQWRIDKLJKO\FRPSOH[DQGLPSRUWDQWVRFLHWDOQHHGVDGGVQRWRQO\WKHV\VWHPVHQJLQHHULQJGLVFLSOLQHEXW
WRDEURDGHUWRSLFRIHQWHUSULVH
WUDQVIRUPDWLRQ RI WKH
KHDOWKFDUH GHOLYHU\ V\VWHP
7KH GLDJUDP GHSLFWHG LQ
)LJXUH   6\VWHPV DQG
6\VWHPV (QJLQHHULQJ
$SSURDFK LV D UHSUHVHQWDWLRQ
RI WKHKRZWKHZRUNRUXVHRI
VSHFLILF WRROV IRUP HDFK OHYHO
DUH XVHG WR EXLOG DQG LQIRUP
WKHQH[WOHYHO,QDOOSKDVHVRU
OHYHOV WKH VWDNHKROGHUV DUH
WDNHQ LQWR DFFRXQW DQG WKLV
SURFHVV SURYLGHV D IHHGEDFN
ORRS ZLWK UHVSHFW WR WKH
SURGXFW RU SURFHVV OLIH F\FOH
7KLV LV DQ LPSRUWDQW
GLVWLQFWLRQ DQ LWHUDWLYH
SURFHVV LQ V\VWHPV
HQJLQHHULQJPHWKRGRORJ\

$ VSHFLILF VLWH RU DUHD DSSURDFK KDV EHHQ XWLOL]HG LQ PDQXIDFWXULQJ VHWWLQJV ZLWK VXFK WRROV DV OHDQ
PDQXIDFWXULQJVL[VLJPDDQGYLVXDOIDFWRU\PHWKRGV7KHVHVDPHWRROVDUHEHLQJXWLOL]HGLQWKHKHDOWKFDUHVHWWLQJ
ZLWK OLPLWHGVXFFHVV $FHUWDLQDUHDVPD\EH LPSURYHGEXW WKH V\VWHPDVDZKROHGRHVQRW UHDOL]HGLVFHUQLEOH
LPSURYHPHQWV5HFHQWOLWHUDWXUHGHPRQVWUDWHVDQHZHUPRUHKROLVWLFDSSURDFKZKHUHWKHHQWLUHHQWHUSULVHLVWDNHQ
)LJXUH6\VWHPVDQG6\VWHPV(QJLQHHULQJ$SSURDFK
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LQWRFRQVLGHUDWLRQ7KHNH\ILQGLQJLVWKDWDQLPSURYHPHQWLQWKHHQWHUSULVHDUFKLWHFWXUHSURYLGHVWKHIRXQGDWLRQIRU
PRUHSHUPDQHQWLPSURYHPHQW$VDQDUHDLVLPSURYHGDQGLWVLPSDFWVWRDOORWKHUVDUHFRQVLGHUHGDQGDFWHGXSRQ
WKHRUJDQL]DWLRQJDLQVWUXVWLQWKHLPSURYHPHQWWHDP7KLVWUXVWOHDGVWRPRUHDFFHVVWRDFWXDORSHUDWLRQDOLVVXHVWKDW
DOORZIRUEHWWHUSURFHVVGLDJQRVWLFVDQGEHWWHUVROXWLRQV

7KLVZRUNLVDQLQWHUGLVFLSOLQDU\HIIRUWEHWZHHQWKH8QLYHUVLW\RI$UL]RQD0HGLFDO6FKRRO8$0&'HSDUWPHQW
RI2UWKRSDHGLF6XUJHU\DQGWKH&ROOHJHRI(QJLQHHULQJ'HSDUWPHQWRI6\VWHPVDQG,QGXVWULDO(QJLQHHULQJ 7KLV
FROODERUDWLYHHIIRUW DOORZV IRU VLJQLILFDQWRSSRUWXQLW\ WRFRQWULEXWH LQ WKLV DUHDRI WKHKHDOWKFDUHGHOLYHU\ V\VWHP
7KH8QLYHUVLW\0HGLFDO&HQWHULVUHQRZQHGIRULWVPHGLFDOUHVHDUFKDQGWKHXQLYHUVLW\¶V6,(GHSDUWPHQWLVWKHILUVW
LQWKHFRXQWU\ZLWKDORQJWUDGLWLRQLQSURFHVVLPSURYHPHQWDQGRSWLPL]DWLRQ


0HWKRGV
7KH IHGHUDO JRYHUQPHQWYLD WKHKHDOWK LQIRUPDWLRQ WHFKQRORJ\ +,7(&+SRUWLRQRI WKH$55$KDVPDQGDWHG
WKDW PHGLFDO RUJDQL]DWLRQV VXEPLWWLQJ IRU UHLPEXUVHPHQWV IURP WKH IHGHUDO JRYHUQPHQW LPSOHPHQW WKH XVH RI
HOHFWURQLF PHGLFDO UHFRUGV 0DQ\ PHGLFDO RUJDQL]DWLRQV DUH FRQFHUQHG ZLWK WKH LPSDFWV RI WKLV W\SH RI
LPSOHPHQWDWLRQ WR SURGXFWLYLW\ DQG FRVW  $OWKRXJK RWKHU VWXGLHV KDYH HYDOXDWHG WKLV LVVXH LQ SULPDU\ FDUH
SUDFWLFHV WKHUH DUH RQ D VPDOO QXPEHU WKDW KDYH VWXGLHG VXEVSHFLDOW\ SUDFWLFH VXFK DV RUWKRSDHGLF
VXUJHU\ 2UWKRSDHGLF VXUJLFDO SUDFWLFHV KDYH ZRUNIORZ WKDW LV GLVWLQFW IURP SULPDU\ FDUH DQG RWKHU
VXEVSHFLDOWLHV  7R GDWH WKH UHVHDUFK UHYLHZ LQGLFDWHV WKHUH OLWWOH LQIRUPDWLRQ GHVFULELQJ WKH LPSDFWV WR RIILFH
HIILFLHQF\ WKDW RFFXUV ZLWK LPSOHPHQWDWLRQ DQ (05 LQ DQ RUWKRSDHGLF SUDFWLFH 7KLV LQIRUPDWLRQ ZRXOG EH
VLJQLILFDQWDQGLQIRUPDWLYHLQKRZDVXUJLFDOSUDFWLFHSUHSDUHVDQGSODQVIRUWKHFRQYHUVLRQWRDQ(057KHVSHFLILF
IRFXVRIWKLVLQLWLDOSKDVHRUEDVHDVVHVVPHQWSKDVHRIWKLVUHVHDUFKHIIRUWLVWRFKDUDFWHUL]HWKHRUWKRSDHGLFSK\VLFLDQ
ZRUNIORZYLDWKHXVHRIWLPHPRWLRQVWXG\PHWKRGRORJ\7LPHPRWLRQVWXGLHVDUHDIXQGDPHQWDOZRUNIORZDQDO\VLV
WRRORIWHQUHIHUUHGWRDVWKHJROGVWDQGDUG

7KHGDWD UHFRUGHGGXULQJREVHUYDWLRQVXVLQJ WKHPHGLFDO WDVN UHFRUGHUZLOO EH RUJDQL]HG DV D VHW RI UHODWLRQDO
WDEOHV)URPDVWDWLVWLFDODQGYDOLGLW\SHUVSHFWLYHWZRLPSRUWDQWTXHVWLRQVDULVH

+RZPXFKGDWDDUHQHFHVVDU\WRFRUUHFWO\GHWHFWDVWDWLVWLFDOVLJQLILFDQFH"7KHPLWLJDWLRQSODQIRUWKLVTXHVWLRQ
LVEDVHGRQVLPLODUZRUN7KHPLQLPXPQXPEHURIVDPSOHVUHTXLUHGZLOOEHFDOFXODWHGIURPDSRZHUDQDO\VLVXVLQJ
WKHGDWDIURP3L]]LIHUULHWDOIRUDQHVWLPDWLRQRIYDULDELOLW\LQGRFXPHQWDWLRQWLPHDQGWKHGDWDIURP/RHWDO
IRURYHUDOOYLVLWWLPH7KHVWXG\ZLOOEHSRZHUHGWRGHWHFWDPLQLPXPGLIIHUHQFHGHOWDRIVHFRQGVPLQIRU
SDWLHQWGRFXPHQWDWLRQDQGRQHPLQXWHSHUSDWLHQWYLVLWZLWK% DQG3 

$UH WKHFRQIRXQGLQJIDFWRUVZLWKLQ WKHGDWDVHW",QRWKHUZRUGVZLOODGLIIHUHQFH LQGRFXPHQWDWLRQ WLPHEH
LQIOXHQFHG E\ ³FDVH W\SH´ W\SH RI YLVLW D SK\VLFLDQ FRPSOHWHV  :LOO D GLIIHUHQFH LQ GRFXPHQWDWLRQ WLPH EH
LQIOXHQFHG E\ WKH SHUVRQ REVHUYLQJ  ,I DQ\ RI WKHVH DUH WKH FDVH KRZZLOO WKLV LPSDFW WKH QXPEHU RI VDPSOHV
QHHGHG"7KHPLWLJDWLRQSODQLVWRHPSOR\VWDWLVWLFDOVWUDWHJLHVIRUVPDOOVDPSOHUHVHDUFK$Q$129$REVHUYDWLRQDO
XQEDODQFHG GHVLJQPHWKRGZLOO DOVR EH UHVHDUFKHG DV QRW DOO SK\VLFLDQV VHH WKH VDPH QXPEHU RI SDWLHQWV RU WKH
SK\VLFLDQPD\SUHGRPLQDQWO\VHHRQO\FHUWDLQW\SHVRIFDVHV

2.1. Research Questions 
7KH VSHFLILF LQWHQW RI WKLV UHVHDUFK LV WR GHWHUPLQH WKH HIIHFW RI (05 LPSOHPHQWDWLRQ RQ RUWKRSDHGLF RIILFH
HIILFLHQF\RYHUWLPH7UDLQHGREVHUYHUVZLOOVKDGRZDQGUHFRUGSK\VLFLDQWDVNVXVLQJWKHPHGLFDOWDVNUHFRUGHUWRRO
L3DGSODWIRUPDWERWKWKHEDVHOLQHSUH(05SKDVHDQGDIWHUV\VWHPLPSOHPHQWDWLRQ3RVW(05$GGLWLRQDOO\
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ZHDUHLQWHUHVWHGDWFKDUDFWHUL]LQJWKHWHFKQRORJ\DGRSWLRQLQWKLVVHWWLQJDWYDULRXVWLPHSHULRGVLQWKH3RVW(05
SKDVHLQWKHIROORZLQJLQWHUYDOVWZRZHHNVWKUHHPRQWKVDQGVL[PRQWKVSRVWLPSOHPHQWDWLRQ
 
7KHLQLWLDOUHVHDUFKK\SRWKHVHVDUH

+3K\VLFLDQGRFXPHQWDWLRQWLPHSHUSDWLHQWZLOOLQFUHDVHLQLWLDOO\DIWHUWKHLPSOHPHQWDWLRQRIWKH(05EXW
ZLOOUHWXUQWREDVHOLQHDWPRQWKVDQGZLOOGHFUHDVHEHORZEDVHOLQHDWPRQWKV
+2YHUDOOSDWLHQWYLVLWWLPHVZLOOVLPLODUO\LQFUHDVHDIWHULPSOHPHQWDWLRQEXWZLOODOVRUHWXUQWREDVHOLQHDW
PRQWKV
+7KH SK\VLFLDQSDWLHQW FRQWDFW WLPH ZLOO SDUDGR[LFDOO\ LQFUHDVH IURP EDVH OLQH WR  PRQWKV SRVW
LPSOHPHQWDWLRQ

7KHPHGLFDOWDVNUHFRUGHULVDQ$SSOHRSHUDWLQJV\VWHPEDVHGGDWDFROOHFWLRQV\VWHPVLPLODUWRRWKHUPRELOHWLPH
PRWLRQ WRROV WKDW KHOSV D YROXQWHHU REVHUYHU TXLFNO\ UHFRUG WKH WDVNV FRPSOHWHG E\ D SK\VLFLDQ LQ D8$0&
RUWKRSDHGLFFOLQLF$VHWRIWDVNVDSSOLFDEOHWRFOLQLFDOPHGLFLQHKDVEHHQGHVLJQHGE\2YHUKDJHHWDOIURPZKLFK
D VHW KDYH EHHQ FXVWRPL]HG IRU WKHZRUN SHUIRUPHG E\ DQ RUWKRSDHGLF VXUJHRQ LQ FOLQLFDO SUDFWLFH 7KHUH DUH D
QXPEHU RI SDUDPHWHUV WKDW FDQ EH XVHG WR PHDVXUH FOLQLF HIILFLHQF\ WKH DLP LV WR GHWHUPLQH WKH HIIHFW RI (+5
LPSOHPHQWDWLRQ RQ RUWKRSDHGLF RIILFH HIILFLHQF\ RYHU WLPH E\ H[DPLQLQJ WKH FKDQJHV LQ VSHFLILF SDUDPHWHUV
3K\VLFLDQWDVNVZLOOEHREVHUYHGDQGUHFRUGHGE\WUDLQHGUHVHDUFKDVVLVWDQWVDWEDVHOLQH WZRZHHNV WKUHHPRQWKV
DQG VL[ PRQWKV SRVWLPSOHPHQWDWLRQ 7KH LQWHUIDFH IRU WKH FDWHJRULHV DQG WKHLU UHVSHFWLYH WDVNV DUH GHSLFWHG E\
)LJXUH0HGLFDO7DVN5HFRUGHU,QWHUIDFH

$OWKRXJK WLPH PRWLRQ VWXGLHV DUH ZHOO NQRZQ LQGXVWULDO
HQJLQHHULQJ WRRO WKHPHGLFDO WDVN UHFRUGHU LQ WKLV FDVHKDVD IHDWXUH
WKDWRWKHUWRROVGRQRWKDYH7KLVIHDWXUHDOORZVIRUWKHUHFRUGLQJRID
VXEMHFWFRPSOHWLQJPXOWLSOH WDVNVDW WKHVDPH WLPHDQGDSSURSULDWHO\
ZHLJKWLQJ HDFK WDVN WR FDOFXODWH WKH HIIHFWLYH PLQXWHV  7KLV LV
LPSRUWDQWDVWKLVUHJXODUO\RFFXUVDVSK\VLFLDQVFRPSOHWHWKHLUZRUN

6RPHRIWKHNH\SDUDPHWHUVRILQWHUHVWDUH
 7RWDOSDWLHQWYLVLWWLPH
 3K\VLFLDQGRFXPHQWDWLRQWLPH
 3K\VLFLDQSDWLHQWFRQWDFWIDFHWLPH

2.2. Internal Validity 
7KHYDULDWLRQLQKRZYROXQWHHUVXVHWKHPHGLFDOWDVNUHFRUGHUWRRO
ZLOO LQIOXHQFH WKH FRQVLVWHQF\RI WKH UHFRUGHGGDWD  7KHPLWLJDWLRQ
SODQLVWRXWLOL]HDIRUPDOREVHUYHUWUDLQLQJSURJUDPZLWKWKHIROORZLQJ
LWHPV

x $IWHU HDFK REVHUYHU LV WUDLQHG KHVKH ZLOO EH WHVWHG XVLQJ WKH
PHGLFDO WDVNUHFRUGHUZKLOHREVHUYLQJDYLGHRPRFNRIILFHYLVLW
7KHREVHUYHUZLOOKDYHWDVNVUHFRUGHGZLWKLQDQDFFHSWDEOHUDQJHWRSURFHHG
x 2EVHUYHU WR SK\VLFLDQ REVHUYDWLRQV ZLOO EH UDQGRPL]H VR WKDW QR RQH REVHUYHU VKDGRZ DQ\RQH SDUWLFXODU
SK\VLFLDQYVDQRWKHU
x 'HYHORS GRFXPHQWV WR VROLFLW YROXQWHHU REVHUYHUV OLVWLQJ WKH H[SHFWDWLRQV RI WKHP EHQHILWV WR WKHPZLWK D
IRUPDOL]HGSURFHVVIRUDFFHSWLQJDQREVHUYDWLRQDVVLJQPHQW

)LJXUHL260HGLFDO7DVN5HFRUGHU,QWHUIDFH
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7KH LQLWLDO WUDLQLQJ ZDV FRPSOHWHG RQ -XQH   7KH JURXS UHVXOWV OHQJWK RI SDWLHQW YLVLW WLPH ZHUH
DQDO\]HGDQGGHWHUPLQHGWRRYHUJUHDWHUWKDQWKHHVWDEOLVKHGEDVHOLQHIRUWKHVDPHYLGHRPRFNYLVLW$VHFRQG
WUDLQLQJ VHVVLRQ ZDV FRPSOHWHG RQ -XO\   7KH UHVXOWV RI WKLV VHFRQG WUDLQLQJ VHVVLRQ GHPRQVWUDWHG D
VLJQLILFDQW LPSURYHPHQW DQG UHVXOWHG LQ RQO\  JUHDWHU GLIIHUHQFH OHQJWK RI SDWLHQW YLVLW WLPH WKDQ WKH
HVWDEOLVKHGEDVHOLQH7KHUHVXOWVE\WDVNFDWHJRU\DUHOLVWHGLQ7DEOH±&RPSDULVRQRIWUDLQLQJVHVVLRQV

7DEOH±&RPSDULVRQRIWUDLQLQJVHVVLRQV
2.3. External Validity 
7KHGHYHORSPHQWDQGYDOLGDWLRQRIGLVFUHWHHYHQWFRPSXWHUVLPXODWLRQPRGHOZLOOEHXVHGWRVXSSRUWWKHYDOLGLW\
RIWKHUHSRUWHGGDWDDQGRIFKDQJHVLPSOHPHQWHGWRLPSURYHZRUNIORZ7KHPRGHOUHVXOWVZLOOEHFRPSDUHGWRWKH
DFWXDOUHVXOWVUHFRUGHGIURPWKHWLPHVWXG\7KLVZLOOYHULI\WKDWWKHFRPSXWHUPRGHODFFXUDWHO\GHSLFWVWKHFXUUHQW
RSHUDWLRQRIWKHVXUJLFDOFOLQLF7KHXVHRIGLVFUHWHHYHQWFRPSXWHUVLPXODWLRQVLVDOVRDZHOONQRZQWRROZLWKLQWKH
V\VWHPV HQJLQHHULQJ GLVFLSOLQH ,Q DGGLWLRQ WR VHUYLQJ WR YDOLGDWH WKH WLPHPRWLRQ VWXG\¶V UHVXOWV LW EHFRPHV WKH
PHWKRGWRSHUIRUPRSWLPL]DWLRQRU³ZKDWLI´VFHQDULRH[SORUDWLRQWRGHWHUPLQHIXWXUHLPSDFWVRIRSHUDWLRQDOFKDQJHV
PDGHDWWKHVXUJLFDOFOLQLF7KLVLVDQH[DPSOHRIKRZ

5HVXOWV
7KHEDVHOLQHRU3UH(05UHVXOWVDUHFRPSULVHGRIRYHUREVHUYDWLRQVRISDWLHQWYLVLWVDQGDUHVXIILFLHQWDVD
EDVLVIRUFRPSDULVRQ7KH(05V\VWHPZDVLPSOHPHQWHGDVRI1RYHPEHU2EVHUYDWLRQVUHFRPPHQFHGWKH
ZHHNRI1RYHPEHUVHUYLQJDVWKHLQLWLDOSKDVHRIKRZWKHRUWKRSDHGLFFOLQLFDGRSWVWKLVQHZWHFKQRORJ\
WKLV QHZ(05 V\VWHP  ,Q WKLV OLPLWHG WLPH IUDPH WKH LQLWLDO VHW RI GDWD IRU FRPSDULVRQ KDV EHHQ WDEXODWHG IRU
FRPSDULVRQZLWKWKHEDVHOLQH7KHVHUHVXOWVDUHVXPPDUL]HGLQ7DEOH±,QLWLDO5HVXOWV3UH(05YV3RVW(05

7DEOH±,QLWLDO5HVXOWV3UH(05YV3RVW(05
Initial Training 6/12/13 Training 7/24/13 Average Time Average Time
Baseline (minutes) (minutes) Comparison to Initial Comparison to Baseline
Category (minutes) Group std dev cv Group std dev cv Diff. (Min) % Change Diff. (Min) % Change
1000: Data Gathering 3.64 4.08 0.310 0.076 3.99 0.224 0.056 (0.09) 2.17% 0.35 9.55%
2000: Collaboration 0.54 0.94 0.242 0.257 0.84 0.191 0.227 (0.10) 10.59% 0.30 55.88%
3000: Outputs 0.28 0.22 0.104 0.478 0.25 0.175 0.690 0.04 16.44% (0.03) 9.37%
4000: Documentation 2.63 2.70 0.078 0.029 2.61 0.029 0.011 (0.10) 3.56% (0.02) 0.84%
5000: Interventions 1.74 1.57 0.265 0.169 1.79 0.317 0.177 0.22 14.14% 0.05 2.87%
6000: Non-Clinical 0.26 0.60 0.366 0.614 0.31 0.191 0.607 (0.28) 47.25% 0.05 20.97%
9000: Idle 1.64 9.24 0.920 0.100 2.15 0.802 0.374 (7.09) 76.76% 0.51 30.89%
Grand Total 11.79 19.35 0.682 0.035 11.747 0.944 0.080 (7.60) 39.28% (0.04) 0.36%
Patient Visits*
iOS MTR  
(Pre-EMR)
iOS MTR 
(Post-EMR)
 % Change iOS 
(Pre vs Post EMR)
Count 532 79
Average (min) 9.3 9.6 3%
SD (min) 7.20 8.04 12%
CV 0.77 0.83 8%
median (min) 7.7 8.1 5%
* All Visit Types, Clinics, Physicians, excluding Task (Idle Time 9001)
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
7DEOH,QLWLDO'RFXPHQWDWLRQ7DVN5HVXOWV3UH(05YV3RVW(05

,W LV LPSRUWDQW WR QRWH WKDW WKH GDWD DQDO\VLV RI WKLV UHVHDUFK LV DW WKH LQLWLDO SKDVHV  7KHUHZLOO EHPXFK WR
DQDO\]HQRWRQO\WKHLPSDFWVRIWKHLPSOHPHQWDWLRQRIDQ(05V\VWHPEXWDOVRWKHLQQHUZRUNLQJGHWDLOVVSHFLILFWR
DQRUWKRSDHGLFFOLQLF2WKHUSDUDPHWHUVWKDWPD\EHLQYHVWLJDWHGDUHSDWLHQWYLVLWW\SHV1HZ3RVW2S5HWXUQWKH
W\SHRIWDVNVFRPSOHWHGRUWKHGLIIHUHQFHVWKDWPD\H[LVWLQSDWLHQWYLVLWOHQJWKEHWZHHQSK\VLFLDQV7KHGHWDLOVWKDW
FDQEHH[DPLQHGDUHDVPDQ\RIWKHILHOGVWKDWZHUHUHFRUGHGYLDWKHPHGLFDOWDVNUHFRUGHU$QLQLWLDOFRPSDULVRQRI
3UH(05DQG3RVW(05UHVXOWVDUHVKRZQRQ7DEOH,QLWLDO'RFXPHQWDWLRQ7DVN5HVXOWV3UH(05YV3RVW(05
7KHVHUHVXOWVLQGLFDWH7DEOH,QLWLDOL265HFRUGHG5HVXOWV9LVLW7\SH&RPSDULVRQ



7DEOH,QLWLDOL265HFRUGHG5HVXOWV9LVLW7\SH&RPSDULVRQ



$GGLWLRQDOO\ 7DEOH   ,QLWLDO 5HVXOWV L26 3UH(05 YV 3RVW (05 E\ 9LVLW 7\SH VKRZV D PRUH GLUHFW
FRPSDULVRQ DQG SHUFHQW FKDQJH E\ SDWLHQW YLVLW W\SH 3UH(05 YV 3RVW (05 ,Q WKLV PDQQHU VRPH LQLWLDO
HYDOXDWLRQVFDQEHPDGHEHWZHHQWKHEDVHOLQHSHULRG3UH(05DQGWKHLQLWLDOSKDVHZHHNRI WKHWHFKQRORJ\
DGRSWLRQFKDUDFWHUL]DWLRQ


Patient Visits *
Documentation
Pre-EMR
Documentation
Post EMR
 % Change iOS 
(Pre vs Post EMR)
Count 305 54
Average 2.3 4.1 78%
SD 1.98 3.53 78%
cv 0.85 0.85 0%
median 1.9 3.4 80%
* All Visit Types, Clinics, Physicians,Documentation Tasks Only 4000 Series
New Post-Op Return NR New Post-Op Return NR
Count 136 26 332 39 27 6 38 8
Average (min) 10.5 11.1 9.1 6.1 11.0 11.0 9.9 2.8
SD (min) 8.29 7.95 6.73 4.55 7.94 7.10 8.38 4.12
cv 0.79 0.72 0.74 0.75 0.72 0.64 0.85 1.48
median (min) 8.3 8.9 7.5 5.8 9.4 11.1 6.5 1.3
max (min) 42.8 34.2 38.2 19.9 37.3 19.6 33.0 12.5
min (min) 0.06 1.78 0.18 0.08 0.24 0.89 1.29 0.25
* All Clinics, Physicians, excluding Task (Idle Time 9001)
Pre-EMR Post-EMR
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
7DEOHDEFG,QLWLDO5HVXOWVL263UH(05YV3RVW(05E\9LVLW7\SH

'LVFXVVLRQ
,WLVLPSRUWDQWWRQRWHWKDWWKHGDWDDQDO\VLVRIWKLVUHVHDUFKLVDWWKHLQLWLDOSKDVHV%DVHGRQWKHLQLWLDOUHVXOWV
6HH7DEOH± ,QLWLDO5HVXOWV3UH(05YV3RVW(05 D VOLJKW LQFUHDVH LQ WKHPHDQRISDWLHQW YLVLW WLPH LV
VKRZQ$OWKRXJKWKLVVHHPVWRVXSSRUWWKHK\SRWKHVLVZLWKUHVSHFWWRWHFKQRORJ\DGRSWLRQLWZLOOEHLPSRUWDQWWR
YHULI\WKHVHILQGLQJVRQFHDGGLWLRQDOGDWDEHFRPHVDYDLODEOH$GGLWLRQDOO\ZKHQH[DPLQLQJWKHUHVXOWV6HH7DEOH
 ,QLWLDO5HVXOWV L263UH(05YV3RVW(05E\9LVLW7\SHE\SDWLHQWYLVLW W\SHERWK1HZDQG5HWXUQSDWLHQWV
VKRZLQLQFUHDVHDQGUHVSHFWLYHO\LQWKHSDWLHQWYLVLWPHDQWLPH7KH3RVW2SSDWLHQWYLVLWW\SHVKRZVQR


 15 1RW5HFRUGHGVKRZQRQWKLVVHWRIWDEOHVORZHUULJKWKDQGFRUQHU
New 
Pre-EMR
New 
Post EMR
 % Change iOS 
(Pre vs Post EMR)
Post-Op
Pre-EMR
Post-Op
Post EMR
 % Change iOS 
(Pre vs Post EMR)
Count 136 27 Count 26 6
Average 10.5 11.0 5% Average 11.1 11.0 0%
SD 8.29 7.94 -4% SD 7.95 7.10 -11%
cv 0.79 0.72 -9% cv 0.72 0.64 -10%
median 8.3 9.4 13% median 8.9 11.1 25%
max 42.8 37.3 max 34.2 19.6
min 0.06 0.24 min 1.78 0.89
(a) (b)
Return
Pre-EMR
Return
Post EMR
 % Change iOS 
(Pre vs Post EMR)
NR
Pre-EMR
NR
Post EMR
 % Change iOS 
(Pre vs Post EMR)
Count 332 38 Count 39 8
Average 9.1 9.9 9% Average 6.1 2.8 -54%
SD 6.73 8.38 24% SD 4.55 4.12 -9%
cv 0.74 0.85 14% cv 0.75 1.48 97%
median 7.5 6.5 -13% median 5.8 1.3 -78%
max 38.2 33.0 max 19.9 12.5
min 0.18 1.29 min 0.08 0.25
( c) (d)
* All Clinics, Physicians, excluding Task (Idle Time 9001)
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FKDQJHLQ WKHPHDQRI WKHSDWLHQWYLVLW WLPH2QHRI WKHOLPLWDWLRQVRI WKLVGDWDVHW LVWKDWDVLJQLILFDQWQXPEHURI
REVHUYDWLRQV GLG QRW UHFRUG WKH W\SH RI SDWLHQW YLVLW 7KLV W\SH RI YLVLW LV GHQRWHG E\ ³15´ LQ WKLV WDEOH7KLV LV
VLJQLILFDQWDVWKLVJURXSVKRZVDGHFUHDVHLQSDWLHQWYLVLWWLPH3UH(05YV3RVW(057KLVVXSSRUWVWKHQHHG
IRUDGGLWLRQDOGDWDFROOHFWLRQDQGUHODWLQJWKLVLVVXHWRWKHYROXQWHHUREVHUYHUVWRHOLPLQDWHWKH15JURXSYLVLWW\SH


&RQFOXVLRQ
2XU LQWHQW LV WR GHVFULEH D VPDOO VFDOH LPSOHPHQWDWLRQ RI XVLQJ D V\VWHPV DSSURDFK WR KHDOWKFDUH HIILFLHQF\
LPSURYHPHQW ,Q WKLVPDQQHU WKLVZRUNPD\ VHUYH WR LQIRUP WKHQH[W LPSURYHPHQW VWHSYLD V\VWHPVHQJLQHHULQJ
PHWKRGRORJ\,QOLJKWRISDVWZRUNZKHUHWKHIRFXVLVRQO\VLWHVSHFLILFRXUDLPZLWKWKHZRUNLVWRKHOSVXSSRUW
XSFRPLQJ HIIRUW WRPRUH KROLVWLFDOO\ DGGUHVV WKH FRPSOH[ VRFLHWDO SUREOHP RI LPSURYLQJ WKH KHDOWKFDUH GHOLYHU\
V\VWHP,Q WKLVFDVHZHKDYHHPSOR\HG WKHXVHRI WLPHPRWLRQVWXG\PHWKRGRORJ\ WRDVVHVVSK\VLFLDQZRUNIORZ
7KLVZRUNLVSDUWRIDSKDVHGDSSURDFKEDVHGRQV\VWHPVHQJLQHHULQJPHWKRGRORJ\IRUV\QFKURQL]DWLRQEHWZHHQRQH
VHWRIWRROVRUPHWKRGRORJLHVIURPRQHSKDVHWKDWLQIRUPDQGSURYLGHLQVLJKWIRUWKHQH[W7KLVLWHUDWLYHHIIRUWZLOO
DVVHVV DQG UHDVVHVV WKH NH\ VWDNHKROGHUV DQG WDNH LQWR DFFRXQW WKH SURFHVVSURGXFW OLIH F\FOH WKXV DOORZLQJ
UHILQHPHQW RI WKH SUHYLRXV SKDVH DQG LWV UHVXOWV 7KLV VHUYHV DV WKH ODXQFKLQJ SDG IRU WKH QH[W SKDVHV RI WKLV
UHVHDUFKVSHFLILFDOO\WKHXVHRIGLVFUHWHHYHQWFRPSXWHUVLPXODWLRQVWRLQIRUPFKDQJHVWRSK\VLFLDQZRUNIORZ7KLV
VHUYHV DV WKH ODXQFKLQJSDG IRU WKHQH[WSKDVHV RI WKLV UHVHDUFK VSHFLILFDOO\ WKHXVH RIGLVFUHWH HYHQW FRPSXWHU
VLPXODWLRQVWRLQIRUPFKDQJHVWRSK\VLFLDQZRUNIORZ,QWKHODWWHUVWDJHVRIWKLVUHVHDUFKZRUNZHDLPWRIROGLQWR
WKLV ZRUN VRFLDO UHVHDUFK PHWKRGV HPSOR\LQJ VRFLRWHFKQLFDO V\VWHPV WKHRU\ FXOWXUDO QRUPV DQG OHDUQLQJ
RUJDQL]DWLRQPHWKRGRORJLHV

7KH SDUWQHUVKLS EHWZHHQ WKH 'HSDUWPHQW RI 2UWKRSDHGLFV DQG WKH 'HSDUWPHQW RI 6\VWHPV DQG ,QGXVWULDO
(QJLQHHULQJDW WKH8QLYHUVLW\RI$UL]RQDSURYLGHVDUHDOOLIHFOLQLFIRU WHVWLQJRXUK\SRWKHVHV$OORI WKHIHDWXUHV
GHVFULEHGLQWKLVLPSOHPHQWDWLRQPDNHXSDPHWKRGRORJLFDOIUDPHZRUNWKDWZLOOUHQGHULPSOLFDWLRQVIRUHQJLQHHUV
SK\VLFLDQVSDWLHQWVDQGSROLF\PDNHUV


$FNQRZOHGJHPHQWV
7KHFRUUHVSRQGLQJDXWKRUZLVKHVWRDFNQRZOHGJHWKHZRUNDQGGHYHORSPHQWRIWKHL26VRIWZDUHDSSOLFDWLRQE\
0U $OL 9DIDL $GGLWLRQDOO\ WKH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH ZRUN E\ WKH HQWLUH VXSSRUW WHDP ±
REVHUYDWLRQVFRRUGLQDWRU0U-RQ3DWWHUVRQODEDGPLQLVWUDWRU0UV&LQG\)DVWMHDQGWKHHQWLUHJURXSRIYROXQWHHU
REVHUYHUV













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5HIHUHQFHV
 'DUOLQJ+HOHQ86KHDOWKFDUHFRVWV7KHFUXVKLQJEXUGHQ(QJLQHHULQJWKH6\VWHPRI+HDOWKFDUH'HOLYHU\
 ,QWURGXFWLRQWRWKH*UDQG&KDOOHQJHVIRU(QJLQHHULQJ1$(*UDQG&KDOOHQJHVIRU(QJLQHHULQJ1DWLRQDO$FDGHP\RI(QJLQHHULQJ
:HE-DQKWWSZZZHQJLQHHULQJFKDOOHQJHVRUJFPVDVS	[JW
 'HWPHU'RQ((QJLQHHULQJLQIRUPDWLRQWHFKQRORJ\IRUDFWLRQDEOHLQIRUPDWLRQDQGEHWWHUKHDOWK,QIRUPDWLRQ.QRZOHGJH6\VWHPV
0DQDJHPHQW
 2OLYHLUD -RUJH +LJK 3HUIRUPLQJ +RVSLWDO (QWHUSULVH $UFKLWHFWXUH LQVLJKWV IURP D PXOWLPHWKRG H[SORUDWRU\ FDVH VW *OREDO
&RQIHUHQFHRQ6\VWHPVDQG(QWHUSULVHV*&6(:DVKLQJWRQ3ULQW
 %DFKHORU RI 6FLHQFH LQ 6\VWHPV (QJLQHHULQJ  6\VWHPV DQG ,QGXVWULDO (QJLQHHULQJ DQG (QJLQHHULQJ0DQDJHPHQW 8QLYHUVLW\ RI
$UL]RQD&ROOHJHRI(QJLQHHULQJ:HE0D\KWWS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